CASE REPORT
CPPD Crowned Dens Syndrome is uncommon and has been reported in the form of individual case reports [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Erosion of the clivus associated with crowned dens syndrome has not been reported previously.
We report a case of an 87 year old white male with a known history of pseudogout and chronic renal failure, who presented to the Emergency Room with a history of chronic neck pain, but now with clinical features of acute progressive quadriplegia. He had been able to walk half a block on his own approximately 1 week prior to presentation. Over that week the patient began using a cane. On the day of presentation the patient woke up unable to move his legs and get out of bed.
On presentation, he was awake and fully oriented. His cranial nerve function was intact and he had retained sensation throughout. However he demonstrated decreased rectal tone and complained of significant urinary retention. He had partial 3/5 strength in his deltoids and biceps, but was 0/5 in his triceps, hand grip, and below that. He was also 0/5 strength in his bilateral lower extremities. There was no evidence of spinal tenderness. He did not have fever or an elevated white count. Aside from elevated creatinine, laboratory assessment was unremarkable.
There was no evidence of acute intracranial abnormality on CT scan of the head. The patient was not able to undergo MRI due to the presence of a pacemaker, and could not receive IV contrast due to his poor renal function.
His neurological examination was consistent with cord compression, and a cervical noncontrast CT scan showed the presence of extensive degenerative disk disease with diskal and soft tissue calcification. The dens was eroded and remodeled posteriorly, with a calcified soft tissue mass that demonstrated internal but predominantly peripheral calcification (Figures 1-3) . The soft tissue mass had an obtuse angle with the posterior vertebral body suggesting an extradural or dural based lesion, with anterior compression of the lower brainstem and upper cervical cord (Figure 2 ) . The inferior portion of the clivus was eroded by the soft tissue mass indicating the presence of significant mass effect. However the lesion was identified retrospectively on CT scans of the head from 6 and 8 years prior (Figure 4) , which indicated that the lesion was slow growing. The radiological diagnosis was that of an inflammatory lesion, either calcium pyrophosphate deposition disease or, less likely, rheumatoid arthritis. The differential diagnosis included neoplasms such as meningioma, chordoma, chondrosarcoma, metastases, and PVNS (pigmented villonodular synovitis).
The patient was taken to the Operating Room, and posterior surgical decompression with spinal fusion was performed . However the patient did not recover from his quadraparesis. A few days after surgery, the patient subsequently expired suddenly following PEA (pulseless electrical activity) cardiac arrest.
A surgical sample from the posterior cervical elements showed chalky white deposition in the gross specimen ( Figure  5 ), and microscopy showed chondrocalcinosis with the presence of rhomboid shaped positively birefringent crystals, consistent with calcium pyrophosphate deposition disease ( Figures 6,7 ).
The entity of Crowned Dens Syndrome was first described by Bouvet et al in 1985, who described it as a clinical and radiological entity characterized by acute neck pain and evidence of calcium deposits around the dens on radiographs [1] .Some authors have differentiated it from the purely radiological entity of isolated calcification around the dens [2] .The deposition of calcium around the dens of C2 is well known, and may occur in Calcium hydroxyapatite deposition disease, CPPD, and ankylosing spondylitis. Clinical features of Crowned Dens Syndrome include acute onset of severe neck pain, restricted range of motion (especially rotation) and positive inflammatory indicators. More chronic neck pain has also been described [3, 4] .
In the English language literature, only 35 patients from 14 different institutions have been reported [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . However, Goto et al suggests that this entity may be more common than previously thought [15] . In their study, 40 patients out of 2023 studied demonstrated the clinical and radiological features to support the diagnosis of CDS (crowned dens syndrome) .Whether this may be related to the ethnicity of the patient population (the study was performed in Japan) will require further investigation. More than two thirds of cases are found in patients older than 70 years of age and females are slightly more affected [15] . The exact incidence of CDS in patients with CPPD arthropathy is not known. A falsely low incidence is suspected as patients receive treatment for neck pain in the outpatient community clinic setting and the fact that most physicians are not aware of this uncommon syndrome.
The clivus is a central skull base bone that forms a shallow depression behind the dorsum sellae that slopes obliquely backward. It forms a gradual sloping process at the anterior most portion of the basilar occipital bone at its junction with the sphenoid bone. On axial planes, it sits just posterior to the sphenoid sinuses. Just lateral to the clivus bilaterally is the foramen lacerum which contains the internal carotid artery, proximal to its anastamosis with the Circle of Willis. Posterior to the clivus is the basilar artery. The clivus supports the upper part of the pons. Tumors that can be seen originating in and around the clivus with a similar appearance to CPPD Crowned Dens Syndrome are chordoma, chondrosarcoma, and meningioma.
Calcium pyrophosphate deposition disease is a metabolic arthropathy caused by the deposition of calcium pyrophosphate dihydrate (CPPD) in and around joints, especially in articular and fibrocartilage The etiology of CPPD is unknown, although increased breakdown of adenosine triphosphate resulting in increased pyrophosphate levels in joints, is believed to be one mechanism by which crystals develop [16] . There is also evidence that the gene ANKH (ankylosis progressive homolog) is involved in crystal related inflammatory reactions and inorganic phosphate transport [16] . Excess calcium also has a probable relationship with chondrocalcinosis with hemochromatosis and hyperparathyroidism being two major risk factors.
Although CPPD is often asymptomatic, with only radiographic changes such as chondrocalcinosis, various clinical manifestations may occur, including acute arthritis (pseudogout) and chronic arthritis. In pseudogout, the deposition of crystals in the synovial space can lead to an intense inflammatory reaction leading to clinical features that resemble infection or acute gouty arthritis. Bone destruction may occur as a result of the inflammation.
Although almost any joint may be involved by CPPD, the knees, wrists, and hips are most commonly affected [16] . This condition is the most common cause of secondary metabolic osteoarthritis.
There is no cure for CPPD arthropathy, treatment usually consists of symptomatic control. Nonsteroidal antiinflammatory drugs and corticosteroids are the mainstay of treatment for exacerbations, with colchicine used to prevent recurrent attacks. Corticosteroids may be either given in pill form or injected directly into the affected joint. The prognosis of Crowned Dens Syndrome is excellent. Using high dose nonsteroidal anti-inflammatory drugs and/or corticosteroids, the majority of patients fully recover within one week of treatment [15] . Only 9 of the 40 patients with CDS in the Goto et al study relapsed within 9 months of original treatment [15] . Although severe neurological complications are rare, extensive CPPD deposits may result in myelopathy or cervical stenosis, for which surgical decompression may be necessary as in our case.
In CPPD Crowned Dens Syndrome, the calcification is typically deposited in the synovial membrane, transverse ligament and alar ligaments [15] . The inflammatory reaction that occurs with the deposition of these CPPD crystals typically leads to erosions and cystic change in the dens, with the presence of a slowly enlarging inflammatory soft tissue component occurring as the disease progresses. This soft tissue component may cause mass effect on the cervical spinal cord, but mass effect on the clivus with erosion and destruction of the inferior clivus as in our patient, has to our knowledge, never been described. 
